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Background: The diagnosis of myalgic encephalomyelitis (ME/CFS) in research and
clinical practice has largely relied on clinical history, which can be subjective in nature.
Clinical signs are often subtle, overlap with other conditions, and are not formally included
as part of diagnostic workup. The characterization of clinical signs and biomarkers
is needed for better diagnosis and classification of patients and to monitor treatment
response. Hand grip strength (HGS) has been used as an objective measure of muscle
strength and fatigue, which is a primary symptom of ME/CFS. We assessed the potential
usefulness of HGS as a diagnostic marker in ME/CFS.
Methods: We compared HGS measurements from participants in the UK ME/CFS
Biobank, with groups consisting of people with ME/CFS of differing severity (n = 272),
healthy (n= 136), multiple sclerosis (n= 76) controls, and others with chronic fatigue not
meeting the diagnosis of ME/CFS (n = 37). We correlated the maximum and minimum
of, and differences between, 3 repeated HGS measurements with parameters of disease
severity, including fatigue and pain analog scales, and physical and mental component
summaries from the SF-36v2TM questionnaire across recruitment groups.
Results: HGS indicators were associated with having ME/CFS, with magnitudes of
association stronger in severely affected than in mild/moderately affected patients.
Compared with healthy controls, being severely affected was associated with a reduction
in minimum HGS of 15.3 kg (95%CI 19.3–11.3; p < 0.001), while being mild/moderately
affected was associated with a 10.5 kg (95%CI 13.2–7.8; p < 0.001) reduction. The
association persisted after adjusting for age, sex and body mass index. ME/CFS
cases also showed lower values of maximum HGS and significant drops in values
from the first to second and third trials, compared to other study groups. There were
significant correlations between HGS indicators and clinical parameters of disease
severity, including fatigue analog scale (Spearman’s Rho = −0.40, p < 0.001), pain
analog scale (Rho=−0.38, p< 0.001), and physical component summary (Rho= 0.42,
p < 0.001).
Nacul et al. Hand Grip in ME/CFS
Discussion: HGS is markedly reduced in ME/CFS, particularly in patients with more
severe disease, and may indicate muscle and fatigue related symptoms. HGS is a
potential diagnostic tool in ME/CFS, and could also be used to enhance patient
phenotyping and as an outcome measure following interventions
Keywords: ME/CFS, fatigue, biomarker, hand grip strength, severity, phenotyping
INTRODUCTION
Fatigue is common in the general population (1–3), and
often accompanies infections and chronic disorders of the
nervous, cardiovascular, respiratory, musculoskeletal, metabolic,
and endocrine systems as well as mood disorders, such as
depression and anxiety (4). It also commonly, and temporarily,
affects healthy individuals in certain circumstances, such as
following periods of excessive or prolonged physical or mental
effort, or reduced periods of rest or of good quality sleep.
Myalgic Encephalomyelitis/Chronic Fatigue Syndrome
(ME/CFS) presents with disabling symptoms lasting for at least
6 months and resulting in a substantial reduction in activity
levels and quality of life (5–7). The etiology is unknown and
there are no diagnostic biomarkers for the disease. Prevalence
is difficult to determine, ranging from 0.1% to 0.7% (8). Among
other symptoms, including post-exertional malaise, unrefreshing
sleep, memory, and concentration problems, fatigue is the most
recognizable and is considered a central symptom of ME/CFS.
Nevertheless, fatigue may be difficult to characterize
and may be confounded by malaise, pain and other issues
such as somnolence, dyspnea (difficulty with breathing)
and muscle weakness. Patients may use several terms to
describe it, such as tiredness, lack of energy or “brain fog,”
to represent the difficulty or inability in initiating activity
(perception of generalized weakness) (9), reduced capacity
in maintaining activity (easy fatigability), and difficulty with
concentration, memory and emotional stability (mental
fatigue) (10).
The measurement of fatigue in research studies has been
subjective and has relied on questionnaires or scales. Symptoms
may be exaggerated or underestimated by the individual, and
they can vary according to cultural aspects and other factors,
such as the presence of other symptoms and mood changes. For
these reasons, objective measures of fatigue and disease status are
highly desirable, both for diagnostic and classification purposes
of people with ME/CFS.
Hand grip strength (HGS) is a reliable measurement of
localized muscle strength and reflects the force derived from
the combined contraction of extrinsic hand muscles. Originally
developed for hand surgery to determine capacity after trauma
or surgery, hand grip strength correlates well with other muscle
function tests such as knee extension strength (11). Moreover,
reduced HGS has been associated with morbidity and mortality,
with low values associated with falls, disability, impaired health-
related quality of life and prolonged length of stay in hospital
(11–13). It has also shown to be strongly correlated with post-
operative complications and has been reported as a predictor of
loss of functional status and short-term survival in hospitalized
patients (14, 15).
In this study, we assess the potential use of HGS parameters as
objective measures of disease status and severity in ME/CFS, and
correlate it with fatigue and pain severity and with physical and
mental functioning.
METHODS
Study Design and Population
This was an analytical cross-sectional study using baseline
data from participants in the UK ME/CFS Biobank (UKMEB).
Participants included people with amedically confirmedME/CFS
diagnosis from the UK National Health Service (NHS) and
assessed for compliance with study criteria, i.e., Centers for
Disease Control (CDC-94) (6) and/or Canadian Consensus
Criteria (CCC) (5); people with apparently normal function and
no symptoms of fatigue nor any severe disease (“healthy controls”
or “HC”); people with multiple sclerosis (MS) confirmed by an
NHS neurologist (“MS cases”); and people with chronic fatigue
not compliant with the study criteria (“CF/nonME”).
Procedures for recruitment, selection, and diagnosis have
been described previously (16). In summary, participants were
recruited through NHS general practices (GPs) and specialist
services. All potential UKMEB participants who were aged
18–60 years and gave informed consent were re-assessed by
the research team at the recruitment stage for eligibility into
the study, which included assessment for compliance with
ME/CFS diagnostic criteria for this cohort of participants. The
inclusion/exclusion criteria are summarized in Table 1. People
with ME/CFS (PWME) were then further stratified by disease
severity into two categories: mild/moderately affected (MEmm)
if they are ambulatory, and severely affected (MEsa) if they are
house- or bed-bound.
Ethical approval was granted by the London School of
Hygiene & Tropical Medicine (LSHTM) Ethics Committee
(ref. 6123), the National Research Ethics Committee (REC;
ref. 11/LO/1760, IRAS ID: 77765), and the NHS Research
Governance and Developments Offices (R&D), which oversee
the recruitment of research participants from government health
services.
Data Collection
Data collection ran from March 2012 to December 2015. The
study protocol was identical for all participants, regardless of
recruitment category.
HGS was quantified during the participant’s clinical
assessment and examination, by a team member (research
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TABLE 1 | UKMEB inclusion and exclusion criteria.
Inclusion criteria Exclusion criteria
ME/CFS cases: clinical diagnosis
according to CDC-1994 and/or Canadian
Consensus Criteria; diagnosis confirmed
by research nurse upon completing
baseline assessments
cases and controls:
- recent use (in preceding 3
months) of drugs known to
alter immune function, anti-viral
medications, and vaccinations
- history of acute and chronic
infections, such as hepatitis
B/C, tuberculosis, HIV, or other
severe illness or severe mood
disorders
- pregnant women and those
within 12 months post-partum
and/or currently lactating
CF/nonME: diagnosis of ME/CFS from
clinician but does not fulfill study criteria
upon completing baseline assessments
Healthy controls: no past or present
fatiguing and/or other major morbidity,
such as cancer or coronary heart disease
MS cases: confirmed diagnosis made
previously by NHS neurologist, in
compliance with the NICE guidelines
ME/CFS, Myalgic Encephalomyelitis/Chronic Fatigue Syndrome; CF/nonME, chronic
fatigue not meeting study criteria for ME/CFS; MS, multiple sclerosis; CDC, Centers for
Disease Control; NHS, National Health Services; NICE, National Institute for Health and
Care Excellence.
nurse or doctor), using a simple precision instrument that offers
a quantitative and objective measure of isometric muscular
strength of the hand and forearm. We followed standard
procedures using a Jamar Hydraulic Hand Dynamometer
(model #5030J1–JA Corp) for that aim (17). Participants were
seated with back, pelvis, and knees as close to 90 degrees as
possible. The shoulder was abducted and neutrally rotated with
the elbow flexed at 90 degrees, the forearm neutral, and the
wrist held between 0 and 15 degrees of ulnar deviation. The
dynamometer was presented vertically, in line with the forearm,
to the participant’s dominant hand. Grip size was adjusted for
comfort (9, 18). Participants were then instructed to squeeze
the hand grip as hard as they could, which took ∼ 3 s, in three
successive trials with 30 s in between each. The entire procedure
took∼ 3min to complete, including instructions.
The strength values were scored using force production in
kilograms (0–90). HGS has been shown to have excellent test-
retest reliability (intraclass correlations (ICC) 0.97–0.99) and
intra-rater reliability (ICC 0.96–0.98) in healthy adults (19) and
has been used in various diseases (20–22).
During the clinical assessment, alongside clinical parameters
that included height and weight, measures of fatigue and pain
intensity were recorded on fatigue (23) and pain (24) analog
scales, respectively. The fatigue and pain analog scales are
unidimensional measures of intensity and have been widely used
in diverse adult populations, e.g., in rheumatic diseases, chronic
hepatitis-C infection and systemic lupus (23–26). Each of them
can be described as a continuous scale comprised of a horizontal
line, 10 centimeters in length, and anchored by two vertical
descriptors, one for each symptom extreme (no fatigue/pain and
worst imaginable fatigue/pain). High scores, with a maximum of
10, indicate greater intensities of fatigue and pain. Fatigue and
pain analog scales have been shown to exhibit good test-retest
reliability (r = 0.94 for both) and to have high construct validity
with 5-point verbal descriptive scales (r = 71 and r = 0.78,
respectfully) (23, 24). Body mass index (BMI) in kg/m2 was
calculated using participants’ height and weight.
In addition, participants completed an extended
questionnaire, which includes the SF-36V2TM questionnaire (27),
the Fatigue Severity Scale (FSS) (28), and socio-demographic
data, such as age and sex, among other variables. The SF-36v2TM
comprises of 36 questions providing information on functional
status and well-being (29). The answers form eight distinct
domains considering physical and mental functions, were
summarized into physical (PCS) and mental (MCS) component
summary scores. Low scores indicate reduced functional status
and reduced mental vitality, respectively. The SF-36v2TM is
recognized as a reliable tool that has been used and validated
across different populations, and has been used extensively in
ME/CFS [L. a. (7, 30, 31)]. A full report of the development
of this instrument has been published elsewhere (29). The FSS
contains 9 items that relate to statements of fatigue, which are
scored between 1 (strongly disagree) and 7 (strongly agree) by
the participant. The total score is calculated by adding those
attributed to each question, and varies from 9 to 63. Due to the
strong correlation between FSS and the fatigue analog scales (r =
0.8, p < 0.001 in our sample), we opted to use the latter only in
our analysis.
Statistical Analysis
Answers to the SF-36v2TM questions were scored in health
domains using the SF Health OutcomesTM Scoring Software
4.5 (QualityMetric Inc., RI, United States) and are presented
as “normalized” physical and mental summary scores.” Data
were analyzed using STATATM version 15.0 (StataCorp, TX,
United States). The maximum and minimum (of three
measurements) of HGS were obtained for each participating
individual.
Descriptive characteristics were obtained for the whole study
population, separated by category of recruitment. Histograms
of HGS were visually inspected for shape of distributions.
For categorical variables, total numbers and percentages were
obtained. For continuous variables, means and standard
deviations were provided for normally distributed variables
and medians and inter-quartile ranges otherwise. Mean scores
(and standard deviations) were calculated for the hand grip
strength values. Chi-squared tests and ANOVA F-statistics were
used in simple univariate analyses to compare categorical and
continuous variables between recruitment categories (32).
To investigate whether HGS was associated with being
a ME/CFS case, we plotted minimum and maximum HGS
(HGSmin and HGSmax, respectively) against recruitment
categories. Bivariate linear regression was used to further explore
the associations with indicators of HGS entered into the model
as a continuous score and healthy controls (HC) as the baseline
comparator. We then adjusted for potential confounding by age,
gender, and BMI in multivariate regression analyses.
To examine the change in HGSmin and HGSmax over the
three successive measurements, we plotted their means at each
time point within each recruitment category. Differences between
HGS indicators (HGSmax and HGSmin) means at each time point
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were compared in the following way: time point 1–time point 2,
time point 1–time point 3, and time point 2–time point 3.
As the difference between mean HGS at the second and third
time points was not statistically different (p= 0.21) in the overall
study population or in any of the study groups, the average of
these two measurements was used for calculating the difference
between the first and a subsequent measurement. Therefore, the
difference between the first and the average of 2nd and 3rd values
represented the overall drop or increase in HGS over subsequent
trials, referred to as the HGS-difference (HGSdiff). Positive values
represent a drop in values from the first to subsequent trials.
Paired t-tests were used to determine whether the means were
significantly different within recruitment categories.
To examine whether HGS was correlated with parameters
of disease severity, Spearman’s rank-order correlations were
computed. A correlation matrix was obtained, and graphs
produced. To further explore the association of disease severity
parameters with indicators of HGS, multivariate regression
analyses were performed adjusting for recruitment category, age,
sex, and BMI.
RESULTS
The distributions of participant characteristics by recruitment
category are shown in Table 2. Females were over-represented
(72%) in the study. Mean age varied across study groups;
HC (45.4 years; 95% Confidence Interval (CI) 43.4, 47.4) and
CF/nonME (45.4 years; 95%CI 43.4, 47.4) were slightly younger
and cases of MS were slightly older (52.5 years; 95%CI 50.6, 54.4).
Mean BMI ranged from 24.3 (95%CI 23.0, 25.7) in MEsa to 26.4
(95% ci 25.3, 27.4) in MEmm.
The mean values for the fatigue analog scales were 7.4 (95%CI
7.0, 7.7) for MEsa and 6.7 (95%CI 6.4, 7.0) for MEmm. These
values were significantly (p < 0.0001) higher than for HC
(1.5; 95%CI 1.2, 1.8), CF/nonME (4.5; 95%CI 3.4, 5.5) and MS
cases (5.4; 95%CI 4.7, 5.9). The pain analog scales were also
significantly higher in ME/CFS cases (P < 0.0001); the mean
values were: 5.3 (95%CI 4.6, 6.0) for Mesa, 4.9 (95%CI 4.6, 5.3)
forMEmm, and 1.0 (95%CI 0.7, 1.2) for HC, with values for other
groups in between these. The Physical Component Summary
(PCS) in particular, and also Mental Component Summary
(MCS) scores were much lower (p < 0.001) in MEsa, (19.0 PCS;
95%CI 17.7, 20.4 and 44.2 MCS; 95%CI 41.4, 46.9) and MEmm
(31.0 PCS; 95%CI 30.0, 32.2 and 39.2 MCS; 95%CI 37.8, 40.6)
compared with HC (57.0 PCS; 95%CI 56.2, 57.9 and 52.1 MCS;
95%CI 50.7, 53.5), CF/nonME (45.7 PCS; 95%CI 42.9, 48.6 and
43.7 MCS; 95%CI 40.6, 46.8) and MS cases (38.4 PCS; 95%CI
35.6, 41.2 and 46.1 MCS; 95%CI 43.6, 48.5), indicating reduced
functional status and mental vitality among people with ME/CFS
(Table 2).
When mean values of HGS were observed over time (i.e.,
over successive trials), no trend was seen within HC, MS cases,
and CF/nonME (Figure 1). Among these recruitment categories,
there was a slight (non-significant) drop in values between the
first and second trials, which was typically followed by a slight
increase in values from the second to the third trials. A similar
trend was found for MEmm, except that the drop in values
between the 1st and 2nd trials was more marked (p < 0.01).
However, amongMEsa, the mean HGS decreased markedly from
first, to second (P = 0.03), and then again to the third time point
(P = 0.13), whereas HGS for MEmm increased from second to
third trial (P = 0.19).
TABLE 2 | Characteristics of the study population, separated by recruitment category.
Factors Healthy Controls
(N = 136)
MS cases
(N = 76)
CF/nonME
(N = 37)
MEmm
(N = 216)
MEsa
(N = 56)
p-value for
difference b/n
groups*
Sex N(%) Females 84 (62.8) 59 (77.6) 24 (64.9) 166 (76.9) 43 (76.8) 0.02
Age mean(SD) 45.4 (12.0) 52.5 (8.4) 45.4 (10.3) 47.1 (11.0) 45.9
(11.5)
0.0001
BMI mean(SD) 24.9 (4.3) 26.3 (6.1) 24.7 (5.2) 26.4 (6.0) 24.3 (5.0) 0.04
hand grip1 mean(SD) 34.4 (13.9) 23.1 (11.8) 32.2 (15.5) 25.2 (11.9) 21.2 (9.7) <0.0001
hand grip2 mean(SD) 33.9 (14.0) 22.5 (12.9) 31.4 (17.2) 23.5 (12.6) 19.2 (9.2) <0.0001
hand grip3 mean(SD) 34.1 (14.2) 22.6 (12.7) 31.4 (18.1) 23.9 (12.4) 18.5 (9.2) <0.0001
min hand grip mean(SD) 32.0 (13.8) 20.3 (12.0) 29.0 (16.8) 21.6 (11.9) 16.7 (9.2) <0.0001
max hand
grip
mean(SD) 36.2 (14.1) 25.1 (12.4) 34.2 (16.8) 27.1 (12.2) 22.9 (9.2) <0.0001
Fatigue
Analog Scale
mean(SD) 1.5 (1.5) 5.3 (2.5) 4.5 (2.2) 6.7 (1.6) 7.4 (1.4) <0.0001
Pain Analog
Scale
mean(SD) 1.0 (1.5) 3.4 (2.7) 2.2 (2.0) 4.9 (2.5) 5.3 (2.7) <0.0001
PCS mean(SD) 57.0 (4.9) 38.4 (12.2) 45.7 (8.4) 31.0 (8.6) 19.0 (4.7) <0.0001
MCS mean(SD) 52.1 (8.1) 46.1 (10.8) 43.7 (9.0) 39.2 (9.9) 44.2 (9.9) <0.0001
*χ2 for categorical variables; F-statistic for continuous variables. HC, healthy controls; MS, multiple sclerosis; CF/nonME, chronic fatigue not meeting study criteria for ME/CFS; MEmm,
ME/CFS mild/moderately affected; MEsa, ME/CFS severely affected; BMI, body mass index; PCS, physical component summary; MCS, mental component summary; SD, standard
deviation.
Frontiers in Neurology | www.frontiersin.org 4 November 2018 | Volume 9 | Article 992
Nacul et al. Hand Grip in ME/CFS
FIGURE 1 | Mean hand grip strength at each time point within each
recruitment category. HC, healthy controls; MS, multiple sclerosis; CF/nonME,
chronic fatigue not meeting study criteria for ME/CFS; MEmm, ME/CFS
mild/moderately affected; MEsa, ME/CFS severely affected.
Associations of Hand Grip Strength
Parameters With Being a ME/CFS Case
(HGSmax, HGSmin, and HGSdiff)
The mean of the HGSmax measurements was highest among HC
(36.2 kg; 95%CI 33.8, 38.6) and lowest among MEsa (22.9 kg;
95%CI 20.4, 25.4) (p< 0.0001). The same was true for the average
HGSmin measurements, with HC producing a mean of 32.0 kg
(95%CI 30.7, 33.4) and MEsa,16.7 kg (95%CI 14.2, 19.2). Among
HC, MS and CF/nonME cases, both the HGSmax and HGSmin
values were similar (Figure 2).
Table 3 shows the difference between HGS parameters of
various study groups and HCs, with negative values indicating
values below that of HCs. Compared with HCs, the values
of HGmin were on average 15.3 kg lower in MEsa (−15.3 Kg;
95%CI −19.3, −11.3), 11.8 kg lower in MS cases (−11.8 kg;
95%CI −15.3, −8.2), and 10.5 kg lower in MEmm cases
(−10.5 kg; −13.2, −7.8). These differences were all statistically
significant at P < 0.001. CF/nonME values were similar to that
of HCs (−3.0; 95%CI −7.6, 1.5; P = 0.19). The same trend was
found for HGSmax but was less pronounced. After adjusting for
age, sex, and BMI, changes in mean HGS compared with HC
were attenuated for all but CF/nonME. MEsa still showed the
lowest HGSmin value (−10.2 kg; 95%CI −13.3, −7.1) compared
with HC, however MS cases (−5.9 kg; 95%CI −8.8, −2.9) now
showed similar values to CF/nonME cases (−5.5; 95%CI −10.0,
−1.0).
The results for the HGSdiff are shown in Table 4. Overall, for
all recruitment categories, there was a slight decrease in mean
HGSdiff (1.07 kg; 95%CI 0.68, 1.47; p < 0.001). For HC (0.39 kg;
95%CI−0.20, 0.99 p= 0.19), MS cases (0.64; 95%CI−0.32, 1.60;
p = 0.19), and CF/nonME (0.79; 95%CI −0.74, 2.32; p = 0.30),
none of these differences were significant. However, for ME/CFS
cases (both MEmm and MEsa), the HGSdiff were higher and
statically significant (P < 0.01).
Correlations of Hand Grip Strength With
Parameters of Disease Severity
Overall, HGSmax and HGSmin were low to moderately correlated
with clinical parameters of disease severity, including fatigue and
pain analog scales and PCS, but weakly correlated with MCS
(Supplementary Table 1).
Results from bivariate and multivariate regression analyses
for the association of HGS indicators and parameters of disease
severity are presented in Table 5. For every one unit increase in
kilograms of HGSmin, fatigue severity and pain severity analog
scales decreased by 0.23 (95%CI −0.29, −0.17) and 1.47 (95%CI
−1.86, −1.08), respectively. Alternatively, PCS increased by
0.33 kg (95%CI 0.26, 0.41) and MCS increased by 0.21 kg (95%CI
0.10, 0.32) for each unit increase in kilograms of HGSmin. The
same can be seen for HGSmax, but less markedly. Adjustment for
the variables age, sex, and BMI resulted in slightly weaker, but still
significant, associations in all cases.
DISCUSSION
Concepts of Fatigue, Strength, Physical
Functioning, and Their Measurement
The concept of fatigue ismultidimensional and lacks a universally
accepted definition. It may be central or peripheral in origin.
Central fatigue refers to a state of less-than-optimal outputs
from the brain, in particular, from cortical motor area to
motor units where nervous fibers stimulate muscle fibers to
produce contraction. In contrast, peripheral fatigue represents an
impairment of the contractile function of skeletal muscle fibers
and the inability of the muscle to produce force (33, 34).
In ME/CFS, fatigue is a key symptom, used for the diagnosis
and the assessment of disease severity. However, there is no
single descriptor that accurately defines it. It is usually assessed
by direct questioning and reported presence of the symptom
during diagnosis workup; symptom classifiers may include
duration, frequency, persistence or recurrence, and intensity.
When establishing compliance with diagnostic criteria, people
may be asked, for example, how long they have experienced
fatigue, and whether it is present for more than 50% of the time.
Questionnaires, such as the UKMEB symptoms assessment
or clinical phenotyping questionnaires (16), or the DePaul
Symptoms Questionnaire (35) have been used to establish the
presence and severity of fatigue and other symptoms. The fatigue
(23) and pain analog scales (24), which are used in this study,
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FIGURE 2 | Means of maximum and minimum hand grip strengths within recruitment categories, with 95% confidence intervals. HC, healthy controls; MS, multiple
sclerosis; CF/nonME, chronic fatigue not meeting study criteria for ME/CFS; MEmm, ME/CFS mild/moderately affected; MEsa, ME/CFS severely affected.
TABLE 3 | Crude and adjusted associations of minimum and maximum hand grip
strengths with recruitment categories, compared with healthy controls using
ANOVA.
Crude Adjusted*
Factors Change in mean
HGS kg (95%CI)
p-value** Change in mean
HGS kg (95%CI)
p-value**
HGSmin
HC 0.0 0.0
MS controls −11.8 (−15.3, −8.2) <0.001 −5.9 (−8.8, −2.9) <0.001
CF/nonME −3.0 (−7.6, 1.5) 0.19 −5.5 (−10.0, −1.0) 0.02
MEmm −10.5 (−13.2, −7.8) <0.001 −7.6 (−10.1, −5.1) <0.001
MEsa −15.3 (−19.3, −11.3) <0.001 −10.2 (−13.3, −7.1) <0.001
HGSmax
HC 0.0 0.0
MS controls −11.0 (−14.7, −7.4) <0.001 −5.3 (−8.2, −2.4) <0.001
CF/nonME −2.0 (−6.6, 2.7) 0.41 −4.3 (−8.8, 0.24) 0.06
MEmm −9.1 (−11.8, −6.3) <0.001 −6.1 (−8.6, −3.5) <0.001
MEsa −13.3 (−17.3, −9.2) <0.001 −7.9 (−11.1, −4.8) <0.001
*adjusted for sex, age, and BMI **t-statistic. HC, healthy controls; MS, multiple sclerosis;
CF/nonME, chronic fatigue not meeting study criteria for ME/CFS; MEmm, ME/CFS
mild/moderately affected; MEsa, ME/CFS severely affected; BMI, body mass index.
are simple and widely used instruments to ascertain fatigue
and pain severity; they do, however, rely on self-reporting.
This undoubtedly carries some subjectivity and, although both
internal validity and test-retest reliability have been shown to
be high (24), it is more difficult to establish comparability in
the way different individuals interpret and report on fatigue and
its severity. This may be particularly problematic in the case of
TABLE 4 | Comparison of difference between hand grip strength at time point 1
and the average of hand grip strength at time points 2 and 3 within each
recruitment category, using paired t-test.
Paired Differences (hand grip 1–avg hand
grip 2 and 3)
95% CI
Pairs Mean Lower Upper p-value
Overall 1.07 0.68 1.47 <0.001
HC 0.39 −0.20 0.99 0.19
MS cases 0.64 −0.32 1.60 0.19
CF/nonME 0.79 −0.74 2.32 0.30
MEmm 1.38 0.75 2.01 <0.0001
MEsa 2.38 0.54 4.22 0.01
HC, healthy controls; MS, multiple sclerosis; CF/nonME, chronic fatigue not meeting study
criteria for ME/CFS; MEmm, ME/CFS mild/moderately affected; MEsa, ME/CFS severely
affected.
ME/CFS, where the experience of fatigue is usually both physical
andmental–described as “lack of stamina or physical energy” and
“brain fog and cognitive problems,” respectively—and is closely
associated with a range of other symptoms. Such symptoms
may or may not be interpreted as part of the same symptom
complex, which may include post-exertional malaise, pain, flu-
like symptoms and unrefreshing sleep, to name a few associated
symptoms. The pathological fatigue experienced by people with
ME/CFS, which some refer to as “ME fatigue”, to distinguish from
fatigue or tiredness that represent everyday experience, may be
very hard to express and quantify in objective terms.
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TABLE 5 | Crude and adjusted associations of hand grip strength indicators with
disease severity parameters.
Disease
severity
parameters
Crude Adjusted*
Change in mean
hand grip strength
kg (95%CI)
p-value** Change in mean
hand grip strength
kg (95%CI)
p-value**
HGSmin
Fatigue analog
scale
−0.23 (−0.29, −0.17) <0.001 −0.14 (−0.20, −0.08) <0.001
Pain analog
scale
−1.47 (−1.86, −1.08) <0.001 −0.93 (−0.17, −0.69) <0.001
PCS 0.33 (0.26, 0.41) <0.001 0.24 (0.17, 0.31) <0.001
MCS 0.21 (0.10, 0.32) <0.001 0.07 (0.01, 0.13) 0.02
HGSmax
Fatigue analog
scale
−0.20 (−0.26, −0.13) <0.001 −0.13 (−0.19, −0.07) <0.001
Pain analog
scale
−1.29 (−1.68, −0.89) <0.001 −0.84 (−1.07, −0.60) <0.001
PCS 0.30 (0.22, 0.37) <0.001 0.24 (0.18, 0.31) <0.001
MCS 0.17 (0.06, 0.28) <0.001 0.07 (0.01, 0.13) 0.03
*adjusted for recruitment category, age, sex, and BMI; **t-statistic. PCS, physical
component summary; MCS, mental component summary; BMI, body mass index.
The experience of fatigue or of feeling ill (with ME/CFS)
may also be measured indirectly through the impact on people’s
lives, such as on the ability of individuals to perform physical
or mental tasks, including self-care or engaging in work, study
and social activities. Some fatigue scales incorporate the impact of
fatigue on functioning (28), but more generally, instruments that
measure functionality or quality of life have been used to indicate
the impact of the health status on individuals affected. The SF-
36v2TM is one such well-validated and widely used instrument,
and we used in our analyses the Physical and Mental Component
Summaries derived from answers given by participants, as proxy
measures for the impact of fatigue and disease on the life of
individuals studied.
With the challenges involved in measuring fatigue, and more
broadly disease severity in ME/CFS, the importance of an
objective measurement cannot be overestimated, particularly one
which could be used in research studies to aid diagnosis and
clinical phenotyping. Assessments indicating levels of severity
and impact could be used on a longitudinal basis to inform
disease progress and, potentially, disease prognosis.
Hand Grip Strength as a Tool for Measuring
Disease Status
Although the testing of HGS was originally created to evaluate
patients undergoing hand surgery, this measurement has been
shown to be associated with reduced muscle strength and
decreased physical fitness more broadly (36). The latter is one
of the strongest predictors of individual future health status,
characterized by the ability to perform daily activities with vigor
and without overdue fatigue. Physical fitness is an important
predictor ofmortality andmorbidity for older and younger adults
and teenagers, which can be applied in socially, economically and
culturally diverse populations (36–39).
Reduced muscle strength and decreased hand grip have been
associated with a few specific situations, such as muscle or nerve
injury and malnutrition. More broadly, though, grip strength has
been shown to be a simple, yet powerful indicator of overall
physical health status and as a predictor of future disability,
morbidity, health deterioration (40) and mortality (15), and to
assess treatment in various diseases, such as chronic obstructive
pulmonary disease (41) and rheumatoid arthritis (20, 42). HGS
has also been used to predict cardiovascular risk in pre-diabetic
and diabetic patients (38). Associations of poor HGS and future
disability and mortality have been observed even among healthy
subjects (43), suggesting it could perhaps be used as an early,
though nonspecific, indicator of risk for health deterioration.
The underlying mechanisms explaining the association
between grip strength and health status are poorly understood,
except in cases where local factors such as upper limb muscle
damage are in place. Nevertheless, there is sufficient evidence
that HGS is a measurement of not only muscle strength, but
also of overall physical health.However, unlike cardiorespiratory
fitness testing, which demands special location and equipment,
measurement of HGS is a simple and mobile tool; making them
particularly useful for community-based health evaluations,
especially for severe cases of ME/CFS, who normally are house-
bound.
Summary of Results and Interpretation
Overall, patients with ME/CFS and MS had significant lower
HGS values thanHC.MS is themost common immune-mediated
inflammatory demyelinating disease of the central nervous
system. One of the most prominent features of MS is motor
weakness. Therefore, it is expected people with MS to display
lower HGS (44, 45). However, it is interesting that ME/CFS
patients also had significantly lower HGS values compared toHC,
even after controlling for age, sex, and BMI, with even mild cases
showing lower HGS. People with ME/CFS are not malnourished
and have preservedmuscle tonus, suggesting that other than local
factors related to the integrity of upper limbmust be involved.We
suggest these might relate to ongoing inflammation or disruption
of signaling mechanisms between central nervous system and
periphery, and it may also represent an overall measurement of
“physical health and functioning.”
Furthermore, HGS among people with ME/CFS significantly
dropped in measured strength between the first and subsequent
trials, when compared with HC. This effect was not observed
in cases of MS nor in those with chronic fatigue which did
not meet the criteria for ME/CFS. This finding may relate to
early fatigability, where an already reduced ability to produce
substantive muscle power in the first trial is further compromised
in subsequent attempts. The understanding of the mechanisms
behind the lack of rapid recovery in demonstrable muscle force
produced between subsequent (hand grip) trials, may be the key
to explaining the pathological nature of fatigability and post-
exertional symptoms in people with ME/CFS. It is possible that
disruptions in muscle energy metabolism or in the continuous
production and release of energy by muscle cells, or in nervous
system signaling could be involved, however, further experiments
would be required for any conclusions to be made.
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We have also shown that higher HGS was associated with
lower fatigue and pain intensities and with higher functional
status and mental vitality. The correlations were stronger for
physical than mental component summaries of the SF-36v2TM,
suggesting a lesser role for lack of motivation as a single factor
explaining poorer results in those with ME/CFS. Such significant
correlations of HGS values and indicators of symptom severity
and disease status provide further indications for the value
of including of HGS as an objective test to enhance patient
phenotyping in ME/CFS as part of clinical practice and in
research.
Our results are in line with previous small studies, and
reinforce the importance of HGS as part of the clinical assessment
of people with ME/CFS (46). Patients meeting the CDC-94
criteria for ME/CFS (6) had previously shown significantly
reduced HGSmax compared to non-fatigued individuals, with
example values for right hand force of 31Kg inME/CFS vs. 42Kg
in healthy sedentary controls (n = 8 in each group) (47) and
24.3 Kg in ME/CFS vs. 35.8 Kg in healthy controls (n= 30 and 15
in CFS and controls, respectively) (48). However, no difference
in values was found comparing PWME to those with major
depression (48). HGS was also used to assess the effects of an
exercise intervention among 11 women with ME/CFS meeting
either CDC-1994 (6) or International Consensus Criteria [B.
M. (49)], who showed a significant improvement in left hand
HGS (from 20 to 26Kg), but not in right hand HGS following
the intervention (50), suggesting a role for HGS as an outcome
measure in the evaluation of interventions. People with ME/CFS
were also previously shown to have slower and incomplete
recovery of HGS values following effort challenge, compared with
non-fatigued (51, 52) and controls with MS (51). These studies
included 48 and 10 ME/CFS cases, respectively.
Study Strengths and Limitations
The study included a relatively large number of participants
with ME/CFS (N = 272), including different levels of
severity, and used both healthy and diseased individuals for
comparison groups.We used standardizedmethods for diagnosis
and characterization of participants, which included rigorous
procedures for selection, clinical assessment and phenotyping,
according to the UK ME/CFS Biobank protocol (16). This
was, however, an observational cross-sectional study, and the
use of HGS as a diagnostic tool and the mechanisms by
which variation in values reflect pathophysiology will require
further studies. Similarly, validation of the study in individuals
with a range of disease durations, including those with more
recent disease as well as in different geographical locations and
ethnicities, will be needed to widen the representativeness of the
study to other populations and in patients at various disease
stages. Furthermore, there are multiple types of MS, and by
combining cases of MS all into one category, the results may
have been diluted. However, this is not likely to have made a
significant difference as differences in dynamic fatigability have
been found when comparing MS and healthy controls but not
when comparing types of MS (45).
CONCLUSIONS AND IMPLICATIONS
In this study, we investigated the potential use of HGS as
an objective measure of disease status and severity in people
with ME/CFS and assessed the correlation of HGS with
fatigue/pain severity and physical/mental functioning. HGS
was markedly reduced in people with ME/CFS, particularly
in those who were severely affected. Furthermore, strength
decreased with each successive measurement among people with
ME/CFS, which suggests early fatigability, or that they tire
more easily than healthy or diseased controls. The abnormal
pattern of handgrip strength shown in ME/CFS cases give
further indications of the distinct nature of ME/CFS and
shed more light into the pathological nature of the fatigue
symptom complex experienced by those with the disease. The
exact mechanisms involved in reduced power and fatigability
require further exploration. Nevertheless, the results shown
here have practical implications in better defining a fatigue
phenotype that help identify cases of ME/CFS and that can be
used as an objective tool for diagnosis and measuring disease
severity.
AUTHOR CONTRIBUTIONS
LN conceived, and with KM, CK, and EL, designed and
conducted the study and acquired the data. LN and KM
designed the analyses and interpreted the data. All authors
contributed to drafting and to revising the manuscript
critically for important intellectual content. All authors
approved the final version of the manuscript to be
published.
FUNDING
The UKME/CFS Biobank was established with a joint grant from
the charities ME Association (including continuing support),
ME Research UK and Action for ME, as well as private
donors. Research reported in this manuscript was supported
by the National Institutes of Health under award number
2R01AI103629. The content is solely the responsibility of the
authors and does not necessarily represent the official views of
the NIH.
ACKNOWLEDGMENTS
We thank the UCL/RFH Biobank staff and the UK Primary
Care Network for their contributions. We are grateful to the
many people who have generously contributed to the biobank by
donating their time, resources, and energy to participate in the
study.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2018.00992/full#supplementary-material
Frontiers in Neurology | www.frontiersin.org 8 November 2018 | Volume 9 | Article 992
Nacul et al. Hand Grip in ME/CFS
REFERENCES
1. Engberg I, Segerstedt J, Waller G, Wennberg P, Eliasson M. Fatigue
in the general population- associations to age, sex, socioeconomic
status, physical activity, sitting time and self-rated health: the northern
Sweden MONICA study 2014. BMC Public Health (2017) 17:654.
doi: 10.1186/s12889-017-4623-y
2. Skapinakis P, Lewis G, Mavreas V. Cross-cultural differences in the
epidemiology of unexplained fatigue syndromes in primary care. Br J
Psychiatr. (2003) 182:205–9. doi: 10.1192/bjp.182.3.205
3. Van’T Leven M, Zielhuis GA, Van Der Meer JW, Verbeek AL, Bleijenberg
G. Fatigue and chronic fatigue syndrome-like complaints in the general
population∗ . Eur J Pub Health (2010) 20:251–7. doi: 10.1093/eurpub/ckp113
4. Shepherd C, Chaudhuri A.ME/CFS/PVFS: An Exploration of the Key Clinical
Issues. Gawcott: The ME Association (2013)
5. Carruthers BM, Jain AK, DeMeirleir KL, Peterson D, Klimas NG, Lerner AM,
et al. Myalgic encephalomyelitis/chronic fatigue syndrome : clinical working
case definition, diagnostic and treatment protocols. J Chronic Fatigue Syndr.
(2003) 11:7–36. doi: 10.1300/J092v11n01
6. Fukuda K, Straus SE, Hickie I, Sharpe MC, Dobbins JG, Komaroff A. The
chronic fatigue syndrome: a comprehensive approach to its definition and
study. Int Chronic Fatigue Syndr Study Group Ann Internal Med. (1994)
121:953–9. doi: 10.7326/0003-4819-121-12-199412150-00009
7. Kingdon CC, Bowman EW, Curran H, Nacul L, Lacerda EM. Functional
status and well-being in people with myalgic encephalomyelitis/chronic
fatigue syndrome compared with people with multiple sclerosis and
healthy controls. Pharmacoecon Open (2018) 1–12. doi: 10.1007/s41669-018-
0071-6
8. Nacul L, Lacerda EM, Kingdon CC, Curran H, Bowman EW. How have
selection bias and disease misclassification undermined the validity of myalgic
encephalomyelitis/chronic fatigue syndrome (ME/CFS) studies? J Health
Psychol. (2018) 1:359105317695803. doi: 10.1177/1359105317695803
9. Al Snih S, Markides KS, Ottenbacher KJ, Raji MA. Hand grip strength and
incident ADL disability in elderly Mexican Americans over a seven-year
period. Aging Clin Exp Res. (2004) 16:481–6. doi: 10.1007/BF03327406
10. Markowitz A, Rabow M. Palliative management of fatigue at the close of life:
“It feels like my body is just worn out.” J Am Med Assoc. (2007) 298:217.
doi: 10.1001/jama.297.3.295
11. Norman K, Stobäus N, Smoliner C, Zocher D, Scheufele R, Valentini
L, et al. Determinants of hand grip strength, knee extension strength
and functional status in cancer patients. Clin Nutri. (2010) 29:586–91.
doi: 10.1016/j.clnu.2010.02.007
12. Norman K, Stobäus N, Gonzalez MC, Schulzke JD, Pirlich M. Hand grip
strength: outcome predictor and marker of nutritional status. Clin Nutri.
(2011) 30:135–42. doi: 10.1016/j.clnu.2010.09.010
13. PostorinoMC, Torti C, Carè I, Pisani V, Strazzulla A, Vaccaro V, et al. Is hand-
grip another culprit for the risk of fractures in HIV-positive patients? New
Microbiologica (2016) 39:71–4.
14. Angst F, Drerup S, Werle S, Herren DB, Simmen BR, Goldhahn J. Prediction
of grip and key pinch strength in 978 healthy subjects. BMC Musculoskel Dis.
(2010) 11:2–7. doi: 10.1186/1471-2474-11-94
15. Sayer AA, Kirkwood TBL. Grip strength andmortality: a biomarker of ageing?
Lancet (2015) 386:226–7. doi: 10.1016/S0140-6736(14)62349-7
16. Lacerda EM, Bowman EW, Cliff JM, Kingdon CC, King EC, Lee JS,
et al. The UK ME/CFS Biobank for biomedical research on Myalgic
Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) and multiple
sclerosis. Open J Bioresour. (2017) 4:4. doi: 10.5334/ojb.28
17. Patterson, Medical. Jamar Hydraulic Hand Dynamometer Owner’s Manual.
(2018) Available online at: https://www.performancehealth.com/amfile/file/
download/file_id/6971/product_id/27106/ (Accessed October 11, 2018).
18. Massy-Westropp NM, Gill TK, Taylor AW, Bohannon RW, Hill CL. Hand
grip strength: age and gender stratified normative data in a population-based
study. BMC Res Notes (2011) 4:127. doi: 10.1186/1756-0500-4-127
19. Lagerström C, Nordgren B, Lagerstrom C, Nordgren B. Methods for
measuring maximal isometric grip strength during short and sustained
contractions, including intra-rater reliability. Upsala J Med Sci. (1996)
101:273–85. doi: 10.3109/03009739609178926
20. Fraser A, Vallow J, Preston A, Cooper RG. Predicting “normal” grip
strength for rheumatoid arthritis patients. Rheumatology (1999) 38:521–8.
doi: 10.1093/rheumatology/38.6.521
21. Savva C, Mougiaris P, Xadjimichael C, Karagiannis C, Efstathiou M. Test-
retest reliability of handgrip strength as an outcome measure in patients
with symptoms of shoulder impingement syndrome. J Manipulat Physiol
Therapeut. (2018) 41:252–7. doi: 10.1016/j.jmpt.2017.09.005
22. Yau K, Farragher JF, Kim SJ, Famure O, Jassal SV. A longitudinal study
examining the change in functional independence over time in elderly
individuals with a functioning kidney transplant. Can J Kidney Health Dis.
(2018) 5:205435811877509. doi: 10.1177/2054358118775099
23. Hewlett S, Dures E, Almeida C. Measures of fatigue: Bristol Rheumatoid
Arthritis Fatigue Multi-Dimensional Questionnaire (BRAF MDQ), Bristol
Rheumatoid Arthritis Fatigue Numerical Rating Scales (BRAF NRS) for
severity, effect, and coping, Chalder Fatigue Questionnaire (CFQ), Checklist.
Arthr Care Res. (2011) 63(Suppl. 11):S263–86. doi: 10.1002/acr.20579
24. Hawker GA, Mian S, Kendzerska T, French M. Measures of adult pain: Visual
Analog Scale for Pain (VAS Pain), Numeric Rating Scale for Pain (NRS Pain),
McGill Pain Questionnaire (MPQ), Short-Form McGill Pain Questionnaire
(SF-MPQ), Chronic Pain Grade Scale (CPGS), Short Form-36 Bodily Pain
Scale SF. Arthr Care Res. (2011) 63:240–52. doi: 10.1002/acr.20543
25. Lai J, Beaumont J, Ogale S, Brunetta P, Cella D. Validation of the functional
assessment of chronic illness therapy-fatigue scale in patients with moderately
to severely active systemic lupus erythematosus, participating in a clinical trial.
J Rheumatol. (2011) 38:672–9. doi: 10.3899/jrheum.100799
26. Rosa K, Fu M, Gilles L, Cerri K, Peeters M, Bubb J, et al. Validation of the
fatigue severity scale in chronic hepatitis C.Health Qual Life Outcomes (2014)
12:1–12. doi: 10.1186/1477-7525-12-90
27. Ware J, Sherbourne C. User’s Manual for the SF-35v2 Health Survey. 2nd ed.
Lincoln, RI: QualityMetric Incorporated. (2007).
28. Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD. The fatigue
severity scale: application to patients with multiple sclerosis and
systemic lupus erythematosus. Archiv Neurol. (1989) 46:1121–3.
doi: 10.1001/archneur.1989.00520460115022
29. Ware Jr JE, KosinskiMA, Bjorner JB, Turner-Bowker DM, Gandek B,Maruish
ME. User’s Manual for the SF-36v2TM Health Survey. Lincoln: QualityMetric
Incorporated. (2007) 86–130.
30. Jason LA, Brown A, Clyne E, Bartgis L, Evans M, Brown M. Contrasting case
definitions for chronic fatigue syndrome, myalgic encephalomyelitis/chronic
fatigue syndrome and myalgic encephalomyeliti. Evaluat Health Profess.
(2012) 35:280–304. doi: 10.1177/0163278711424281.Contrasting
31. National Institutes of Neurological Disorders and Stroke. Myalgic
Encephalomyelitis/Chronic Fatigue Syndrome Standards - NINDS Common
Data Elements. (2018) Available online at: https://www.commondataelements.
ninds.nih.gov/MECFS.aspx#tab=Data_Standards (Accessed October 11,
2018).
32. Kirkwood BR, Sterne JA. Essential Medical Statistics. 2nd ed. Oxford, UK:
Blackwell Publishing Company (2003).
33. Chaudhuri A, Behan PO. Fatigue and basal ganglia. J Neurol Sci. (2000)
179:34–42. doi: 10.1016/S0022-510X(00)00411-1
34. Gandevia S. Spinal and supraspinal factors in human muscle fatigue. Physiol.
Rev. (2001) 81:1725–89. doi: 10.1152/physrev.2001.81.4.1725
35. Jason LA, So S, Brown AA, Sunnquist M, Evans M. Test–retest
reliability of the DePaul symptom questionnaire. Fatigue (2015) 3:16–32.
doi: 10.1080/21641846.2014.978110
36. Leong DP, Teo KK, Rangarajan S, Lopez-Jaramillo P, Avezum A, Orlandini
A, et al. Prognostic value of grip strength: findings from the Prospective
Urban Rural Epidemiology (PURE) study. Lancet (2015) 386:266–73.
doi: 10.1016/S0140-6736(14)62000-6
37. Artero EG, Lee D, Lavie CJ, España-Romero V, Sui X, Church
TS, et al. Effects of muscular strength on cardiovascular risk
factors and prognosis. J Cardiopulm Rehabil. (2012) 32:351–8.
doi: 10.1097/HCR.0b013e3182642688.Effects
38. Lopez-Jaramillo P, Cohen DD, Gómez-Arbeláez D, Bosch J, Dyal L, Yusuf
S, et al. Association of handgrip strength to cardiovascular mortality in pre-
diabetic and diabetic patients: a subanalysis of the ORIGIN trial. Int J Cardiol.
(2014) 174:458–61. doi: 10.1016/j.ijcard.2014.04.013
Frontiers in Neurology | www.frontiersin.org 9 November 2018 | Volume 9 | Article 992
Nacul et al. Hand Grip in ME/CFS
39. Ruiz J, Sui X, Lobelo F, Morrow J, Jackson A, Sjostrom M, et al. Association
between muscular strength and mortality in men: prospective cohort study.
BMJ (2008) 337:92–5. doi: 10.1136/bmj.a439
40. Rantanen T, Guralnik JM, Foley D, Masaki K, Leveille S, Curb J, et al. Midlife
hand grip strength as a predictor of old age disability. Am Med Assoc. (1999)
281:558–60. doi: 10.1001/jama.281.6.558
41. Swallow EB, Reyes D, Hopkinson NS, Man WDC, Porcher R, Cetti EJ,
et al. Quadriceps strength predicts mortality in patients with moderate to
severe chronic obstructive pulmonary disease. Thorax (2007) 62:115–20.
doi: 10.1136/thx.2006.062026
42. Oken O, Batur G, Gunduz R, Yorhanzioglu R. Factors associated with
functional disability in patients with rheumatoid arthritis. Rheumatol Int.
(2008) 29:163–6. doi: 10.1007/s00296-008-0661-1
43. Gale CR, Martyn CN, Cooper C, Sayer AA. Grip strength, body composition,
and mortality. Int J Epidemiol. (2007) 36:228–35. doi: 10.1093/ije/dyl224
44. Chen C, Kasven N, Karpatkin H, Sylvester A. Hand strength and perceived
manual ability among patients with multiple sclerosis. Arch Phys Med Rehabil.
(2007) 88:794–7. doi: 10.1016/j.apmr.2007.03.010
45. Severijns D, Lamers I, Kerkhofs L, Feys P. Hand grip fatigability in persons
with multiple sclerosis according to hand dominance and disease progression.
J Rehabil. Med. (2015) 47:154–60. doi: 10.2340/16501977-1897
46. Twisk FN. Accurate diagnosis of myalgic encephalomyelitis and chronic
fatigue syndrome based upon objective test methods for characteristic
symptoms.World J Methodol. (2015) 5:68. doi: 10.5662/wjm.v5.i2.68
47. Siemionow V, Fang Y, Calabrese L, Sahgal V, Yue GH. Altered central nervous
system signal during motor performance in chronic fatigue syndrome. Clin
Neurophysiol. (2004) 115:2372–81. doi: 10.1016/j.clinph.2004.05.012
48. Lawrie SM, MacHale SM, Cavanagh JT, O’Carroll RE, Goodwin GM. The
difference in patterns of motor and cognitive function in chronic fatigue
syndrome and severe depressive illness. Psychol Med. (2000) 30:433–42.
doi: 10.1017/S0033291799001816
49. Carruthers BM, Van de Sande MI, De Meirleir KL, Klimas NG, Broderick
G, Mitchell T, et al. Myalgic encephalomyelitis: international consensus
criteria. J Int Med. (2011) 270:327–38. doi: 10.1111/j.1365-2796.2011.
02428.x
50. Broadbent S, Coetzee S, Beavers R. Effects of a short-term aquatic exercise
intervention on symptoms and exercise capacity in individuals with chronic
fatigue syndrome/myalgic encephalomyelitis: a pilot study. Eur J Appl Physiol.
(2018) 118:1801–10. doi: 10.1007/s00421-018-3913-0
51. Meeus M, Ickmans K, Struyf F, Kos D, Lambrecht L, Willekens P, et al.
What is in a name? Comparing diagnostic criteria for chronic fatigue
syndrome with or without fibromyalgia. Clin Rheumatol. (2014) 33.
doi: 10.1007/s10067-014-2793-x
52. Paul L, Wood L, Behan W, Maclaren W. Demonstration of delayed recovery
from fatiguing exercise in chronic fatigue syndrome. Eur J Neurol. (1999)
6:63–9. doi: 10.1046/j.1468-1331.1999.610063.x
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2018 Nacul, Mudie, Kingdon, Clark and Lacerda. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.
Frontiers in Neurology | www.frontiersin.org 10 November 2018 | Volume 9 | Article 992
